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(57) ABSTRACT 

The organic electroluminescence display apparatus of the 
present invention comprises a ?rst and second substrates, the 
former being coated With banks for separating pixels, a 
loWer electrode, organic light-emitting layer and upper elec 
trode of a transparent material in this order, and the latter 
being coated With a color ?lter and electroconductive 
shadoW pattern, Wherein the organic light-emitting layer 
surrounded by the banks for separating pixels faces the color 
?lter, and the ?rst and second substrates face each other in 
such a Way that the upper electrode over the banks for 
separating pixels is electrically connected to the electrocon 
ductive shadoW pattern. 

This structure connects at least one of the upper electrode 
and electroconductive shadoW pattern to a poWer supply 
point, to control ununiform emitted light brightness Which 
may result from voltage drop at the upper transparent 
electrode. 

Moreover, the organic light-emitting layer can be formed 
Without a vapor deposition mask having a precise aperture 
pattern, to e?iciently produce the organic EL display appa 
ratus. 

6 Claims, 13 Drawing Sheets 

13 9 1O 37 12 

i 



U.S. Patent Apr. 29, 2008 Sheet 1 0f 13 US 7,365,487 B2 



U.S. Patent Apr. 29, 2008 Sheet 2 0f 13 US 7,365,487 B2 



U.S. Patent Apr. 29, 2008 Sheet 3 0f 13 US 7,365,487 B2 

2 





US 7,365,487 B2 

r 

r 
I 
I 
i 
I 
p 
I 
I 
I 
I 
1_ 

v 
d‘ 
4 
I 
I 
I 
| 
a 
I 
I 
i 
I 
J 

pllllllillil. 

Apr. 29, 2008 Sheet 5 0f 13 

I I l 

' ' ' ‘ ' “r r ‘r r 

If f a’: I v I I’ 
I , j 1 i a I 
, , f a i I I 
, I, ,4 I n r I 
, , ,1 1 p I I 
' § '4 I I I ’ 
| ‘a I I F I f 
, 4, y a l I I 
I ‘I -' ' : i 5 I 
‘I ‘I r _ 1 I. f. 

" ' ‘I ‘I r f- " 

I {h ‘j I I I v‘ j 
,| ‘ II I a I I 
f ’ j a f I’ a‘ : 
I 1 I I I I f l 
, i j l I I I ' 
, ' If I g I I" 
5 ' j I p r I ' 
4 I y r p f I ' 

I r 1: : : s - $ 1 
i._,$_,.z.,._j.. .LHAH. A L 

f 
I 
1 
i 
r 
I 
P 
I 
J 
I 

I 
6 

%///// 
0/43/22 I i I .l ..l .l .I I 

Diff/130091.’. 
r 
I 
i 
l 
J 
4 
r 
I 
f 
I 

a. 

C 
v 
I 
a 
I 
I 
I 
I 
I 
r 
a 
a 

. 
i 
F 
i 
I 
I 
I 
I 
I 
I 
I 
I 

r 
p 
1 
I 
F 
i 
If 
i 
I 
J 
g 
I’ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
g 
; 
‘ 

Trill/171111. ‘ I. I I J 

I 
c 
1 
v 
I 
I 
a 
a 
4 
‘ 

! 
I 

I 
a 
l 
l 

I 

1 
I 
I 
t 
I 
I 
I 

I 
I 
,0 
I 
! 
I 
p 
g 
a 
a 
I 
J 

I 

In: 
‘I; 
4' 
f 

5 
I 
5 

I 
I 
1* 
I 
J 
i 
‘a 
I 
I 
I 
J 
I 

I 
I 
I 
I 
I 
J 
I 
i 
l' 
I 

t 

I’ 
v 
r 
r 
l 
l 
l 
I 
I 
Q 
I 

I 

I 
I 
! 
i 
a 
| 
I 
I 
I 
I 
I 
. 

, 

l 
r 
n‘ 
I 
d 
a 
I 

r 
a 
a 
I 
I 
i 
i 
r 
r 
I 
I 
r .i. 

d 

/ 

U.S. Patent 



U.S. Patent Apr. 29, 2008 Sheet 6 0f 13 US 7,365,487 B2 

FIG.8 

ID‘! lrirl VII. ‘lila- Illi 



U.S. Patent Apr. 29, 2008 Sheet 7 0f 13 US 7,365,487 B2 

12/ , , %m 
.///M/ %///M 

5 
& 

f 

1/1, 

1O 



U.S. Patent Apr. 29, 2008 Sheet 8 0f 13 US 7,365,487 B2 

FIG.1O 



U.S. Patent Apr. 29, 2008 Sheet 9 0f 13 US 7,365,487 B2 

FIG.11 

(W 
(II-I'll [III 

Mag ?vé?g?ir / 
an, a? p, g? WA? .3“? 

I”) /” 
535v .35“. in, 5.5% avg? 

/ 

x1 , .3. Jug/1.,” .35.. /w/ in? 
$9.»? / 

,3, ?r? .32? //WA? .92.... rér?r M1,. #32? /M” 523 .5? £525.. 2.33.. ./ J55? //////~%//%%%//6//%/%/ 
10 



U.S. Patent Apr. 29, 2008 Sheet 10 0f 13 US 7,365,487 B2 

F|G.12 

FIG.13 

9 1O 37 12 13 32 





U.S. Patent Apr. 29, 2008 Sheet 12 0f 13 US 7,365,487 B2 

FIG.15 

30 W" """"""""""" "I """"" "-1: ~HESISTNI'IYRATIO1/75 g l - -+- - RESlSTNI'l'YRATl01/50 

n. 25 ~ ---------- """""""" --+-->!— ONLYUPPERi1ECTRODE1~ 
O 
u: 
o / 
m L I I I I O I I i V O I ? I’) I I I I U I i I I I ¢ I U ’ I ’ ' I t I Q d I I ? I t l I I IOI‘;+'IIIIIIO¢'I 

c5 3 
<1: 
5 PIIII'IO'OJXIIIOIIJI'I P I I O ? d l l Pl! I A i i i il'lti Q l I ' l O l ¢ I d 0 d i Q 1 I I. 

0 +’ A 
> ALLOWABLE VOLTAGE DROP ‘ . ' c ' 

:+-' ' 
5 - A . ' ¢ . A ' A - . , ¢ A A A -, ¢- - . , . , _ , ¢ A A , A 4 , - . . . - .. 

O 
10 20 3O 4O 5O 6O 

DIAGONAL LENGTH OF DISPLAY REGION (INCHES) 



U.S. Patent Apr. 29, 2008 Sheet 13 0f 13 US 7,365,487 B2 

FIG.16 

41 40 42 



US 7,365,487 B2 
1 

ORGANIC ELECTROLUMINESCENCE 
DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 

The present invention relates to an organic electrolumi 
nescence display apparatus. 
An organic electroluminescence (hereinafter referred to as 

“organic EL”) display apparatus is formed by arranging a 
plurality of elements, each being essentially of 3-layer 
structure With an organic light-emitting layer placed 
betWeen an anode and cathode electrodes, the former for 
injecting holes and the latter for injecting electrons into the 
intermediate layer. 

The organic light-emitting layer is of (l) 2-layer structure 
With an emitting layer and hole transport layer in this order 
from the cathode electrode side, (2) 2-layer structure With an 
electron transport layer and emitting layer in this order from 
the cathode electrode side, or (3) 3-layer structure With an 
electron transport layer, emitting layer and hole transport 
layer in this order from the cathode electrode side. When a 
voltage of several volts is applied to the element betWeen the 
electrodes, holes are injected from the anode electrode and 
electrons from the cathode electrode, and they are combined 
With each other in the emitting layer to emit light. 

Display apparatuses With an organic EL element fall into 
tWo types, one is driven by a simple matrix and the other by 
an active matrix. An organic EL display apparatus driven by 
a simple matrix has organic light-emitting layers positioned 
at the intersections of anode lines With cathode lines, and 
each pixel is on only for a selected time in one frame period. 
Selected time is a time span of one frame period divided by 
number of the anode lines. An apparatus of this type has an 
advantage of simple structure. 

HoWever, selected time decreases as number of pixels 
increases. In order to secure a given average brightness in 
one frame period, therefore, it is necessary to increase 
instantaneous brightness in a selected time span by increas 
ing driving voltage. This causes problems resulting from 
shortened service life. An organic light-emitting element, 
Which is driven by current, suffers voltage drop caused by 
Wiring resistance, in particular in the case of large screen. As 
a result, voltage cannot be applied uniformly to pixels, 
deteriorating brightness uniformity in the apparatus. There 
fore, there are limitations of precision and screen siZe for an 
organic light-emitting display apparatus. 

In an organic light-emitting display apparatus driven by 
an active matrix, on the other hand, 2 to 4 driving elements, 
each composed of a sWitching element of thin-?lm transistor 
and capacitor, are connected to an organic light-emitting 
element Which constitutes a sub-pixel. As a result, all pixels 
can be on in a frame period to extend service life of the 
organic light-emitting element, because necessity for 
increasing brightness is removed. Therefore, an active 
matrix type organic light-emitting display apparatus is more 
advantageous over a simple matrix type, When high preci 
sion and large screen are required. 
A conventional organic light-emitting display apparatus 

has a bottom emission structure With light emitted from the 
back side of the substrate. This structure limits aperture ratio 
of an active matrix type organic light-emitting display 
apparatus With a driving section betWeen the substrate and 
organic light-emitting element. 
One attempt to solve these problems is adoption of a top 

emission structure, in Which the upper electrode is made 
transparent and light is emitted from the upper electrode. For 
example, Patent Document 1 discloses an organic EL ele 
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2 
ment of top emission structure having an upper electrode of 
2-layer structure, With the ?rst layer of Mg, Ag or the like 
Working as an injection layer and second layer of ITO 
(indium tin oxide) or the like Working as a transparent 
electrode. 

Patent Document 2 discloses an active matrix type 
organic light-emitting display apparatus characterized by its 
pixel structure With a partition provided on the position at 
Which a driving element electrode is connected to a loWer 
electrode for an organic light-emitting element Working as a 
pixel. The document also discloses that the above structure 
is applicable to a display apparatus Which emits light from 
the upper electrode side. 
As an attempt to prevent loWered brightness of emitted 

light resulting from distance from the point at Which poWer 
is supplied to the electrode, Patent Document 3 discloses a 
structure With an auxiliary poWer source line of loW resis 
tance material, provided beside the pixel and connected to 
the upper transparent electrode. 

Patent Document 4 discloses a structure Which realiZes 
full-color display using a color ?lter or color conversion 
?lter, Where all of the pixels of top emission structure are 
devised to emit White or blue color. 
Patent Document 1: Us. Pat. No. 5,703,436 
Patent Document 2: JP-A-200l-l4829l 
Patent Document 3: JP-A-200l-230086 
Patent Document 4: JP-A-200l-2l7072 

SUMMARY OF THE INVENTION 

A top emission structure involves problems, When it is 
applied to large-size, organic EL display apparatuses. A 
transparent, electroconductive ?lm as an upper electrode for 
a top emission structure must be formed at loW temperature, 
to prevent damages on an organic layer Working as a base 
layer. As a result, it has a high resistance, or at least 300 
times higher resistivity than a metallic ?lm of Al or the like. 
Even When a metallic ?lm is used as an upper electrode, its 
thickness is limited to reduce damages on an organic layer 
Working as a base layer While keeping required transparency. 
Thus, the problems result from high upper electrode resis 
tance. 

An organic light-emitting element for each pixel is sup 
plied With electrons or holes from an upper electrode. The 
electrode is supplied With poWer normally at a substrate 
edge. When a transparent, electroconductive material having 
a higher resistance than a current supply line for a loWer 
electrode is used as an upper electrode, Wiring resistance, 
Which increases With distance betWeen the poWer supply 
point and pixel, is no longer negligible. Therefore, drop of 
effective voltage to be applied to an organic light-emitting 
element constituting a pixel is no longer negligible as 
distance betWeen the poWer supply point and pixel 
increases, to notably ?uctuate brightness. The structure 
disclosed by Patent Document 3 tries to prevent effective 
voltage drop by connecting an auxiliary poWer source line of 
loW resistance material, provided beside the pixel, to the 
upper transparent electrode. 

HoWever, this structure needs a means for preventing 
deposition of an organic matter on the area in Which the 
auxiliary poWer source line is connected to the transparent, 
upper electrode. When the organic light-emitting layer of a 
loW-molecular-Weight material is to be formed by vapor 
deposition, the connecting area on the auxiliary electrode 
must be covered With a precisely fabricated vapor deposition 
mask. This mask is normally of a 10 to 100 pm thick metal 
sheet, perforated by etching or electroforming. 
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The mask sheet is di?icult to fabricate for large-siZe 
products, irrespective of fabrication method, although not 
dif?cult for products of small siZe, loW resolution and loW 
aperture ratio. The dif?culty increases as required resolution 
or aperture ratio increases. 

The mask With a precisely fabricated pattern must be 
precisely aligned With a substrate. The vapor deposition 
mask and substrate increase in temperature during the vapor 
deposition process by heat radiated from the evaporation 
source, Which is heated to evaporate the material to be 
deposited. Misalignment betWeen the mask and substrate 
may occur during the vapor deposition process, When there 
is a difference in thermal expansion coe?icient betWeen 
them. It is therefore dif?cult to cover the connecting area on 
the auxiliary electrode Without deteriorating aperture ratio. 

Moreover, When an organic light-emitting layer is formed 
by vapor deposition With a vapor deposition mask having 
precisely patterned apertures, the organic material Will 
deposit on the mask back side. Therefore, the mask must be 
periodically cleaned, because deposition of the organic 
material on the precisely fabricated apertures decreases 
deposition Width. It is di?icult to clean the mask Without 
damaging the metal sheet, Which is loW in strength. Cleaning 
of the mask greatly increases the cost. Use of a disposable 
mask also greatly increases the cost. 
As discussed above, productivity of a display apparatus of 

large siZe, high resolution and high aperture ratio is deter 
mined by a vapor deposition mask provided With precisely 
fabricated apertures, because it increases production diffi 
culty and cost. 
A structure With pixels emitting only White or blue color, 

e.g., that disclosed by Patent Document 4, can have a 
su?icient aperture Width, because masking is required only 
for those areas other than pixel area. A vapor deposition 
mask can be easily produced for such a structure, because 
precisely fabricated apertures are no longer required. More 
over, alignment betWeen the mask and substrate may be 
relaxed to 100 to 500 pm or so from several to around 50 um 
required for a mask of precisely fabricated apertures. 

The mask can have a longer service life for vapor depo 
sition than the one With precisely fabricated apertures, 
because its precision is less sensitive to deposition of the 
organic material to be evaporated. Therefore, the mask 
alloWs an organic light-emitting layer to be formed by vapor 
deposition at a loWer cost, because the layer productivity is 
not determined by the mask by itself. HoWever, the trans 
parent, upper electrode can be supplied With poWer only at 
the substrate edge, Which invariably deteriorates brightness 
uniformity of emitted light on a display area in a large-siZe 
display apparatus. 
As discussed above, conventional techniques cannot 

increase siZe of an organic EL display apparatus While 
reducing the vapor deposition cost. It is an object of the 
present invention to provide a display apparatus of organic 
EL device structure Which causes no deterioration of bright 
ness uniformity even When apparatus siZe is increased, and 
easily achieves reduced production cost in vapor deposition 
for forming the organic light-emitting layer While securing 
device service life. 

Means for Solving the Problems 
The organic electronic display apparatus of the present 

invention comprises a ?rst and second substrates, the former 
being coated With banks for separating pixels, a loWer 
electrode, organic light-emitting layer and upper electrode 
of a transparent material in this order, and the latter With a 
color ?lter and electroconductive shadoW pattern, Wherein 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
the organic light-emitting layer surrounded by the banks for 
separating pixels faces the color ?lter, the ?rst and second 
substrates face each other in such a Way that the upper 
electrode over the banks for separating pixels is electrically 
connected to the electroconductive shadoW pattern, and at 
least one of the upper electrode and electroconductive 
shadoW pattern is connected to a poWer supply point, in 
order to solve the above problems. 

The electroconductive shadoW pattern is composed of a 
shadoW layer and electroconductive layer, Wherein the elec 
troconductive layer may be electrically connected to the 
upper electrode. The electroconductive shadoW pattern is 
made of a material having a loWer resistivity than the upper 
electrode. Speci?cally, the electroconductive shadoW pattern 
material preferably has a resistivity of 1/100 or less of that of 
the upper electrode. 

The ?rst substrate is coated With a transistor driving layer 
provided With a transistor element having a gate, source and 
drain interconnections, banks for separating pixels, loWer 
electrode, organic light-emitting layer and upper electrode 
of a transparent material in this order, and the second 
substrate is coated With a color ?lter and electroconductive 
shadoW pattern, Wherein the organic light-emitting layer 
surrounded by the banks for separating pixels faces the color 
?lter, the ?rst and second substrates face each other in such 
a Way that the upper electrode over the banks for separating 
pixels is electrically connected to the electroconductive 
shadoW pattern via an electroconductive member, and at 
least one of the upper electrode and electroconductive 
shadoW pattern is provided With a poWer supply point 
electrically connected to an outside DC poWer source. 

The electroconductive member may be a spherical or 
columnar spacer positioned on the electroconductive 
shadoW pattern. The electroconductive shadoW pattern may 
be electrically connected to the upper electrode via a trans 
parent, electroconductive ?lm provided on the columnar 
spacer. The upper electrode may be covered With a protec 
tive ?lm. A similar effect can be produced by electrically 
connecting the upper electrode to the electroconductive 
shadoW pattern via the electroconductive member provided 
in such a Way to pass through the protective ?lm. 

The second substrate may be further coated With a trans 
parent, overcoat layer, after the color ?lter and electrocon 
ductive shadoW pattern are formed, to electrically connect 
the upper electrode to the electroconductive shadoW pattern 
via the electroconductive member provided in such a Way to 
pass through the overcoat layer. 
An organic light-emitting layer Which is devised to emit 

a single color can constitute a display apparatus. It can 
constitute a display apparatus, When it Works to emit White 
color as a single color. 

Moreover, the ?rst and second substrates are sealed by an 
adhesive layer provided around at least one of the ?rst and 
second substrates, With the sealed space ?lled With an inert 
gas. 

As discussed above, the present invention can reduce 
voltage drop at a pixel far removed from a poWer supply 
point and prevent ununiform distribution of emitted light 
brightness in the display region even in a large-siZe, organic 
EL display apparatus of top emission structure. At the same 
time, it is free of a problem of reduced aperture ratio, 
because a member functioning as an auxiliary electrode is an 
electroconductive shadoW pattern, Which is connected to an 
upper electrode at a point immediately beloW the pattern. 
Adoption of a top emission structure extends element ser 
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vice life, because it Works at a lower light intensity per unit 
area than a bottom emission structure for securing the same 
brightness. 

Moreover, the organic light-emitting layer producing the 
above effects can be formed by vapor deposition With a mask 
having apertures provided over the entire display region 
instead of a mask having precisely fabricated apertures for 
each pixel. This reduces production cost and lead time from 
those required by vapor deposition With a mask having 
precisely fabricated apertures for each pixel. 

Still more, it is on a level With an LCD in resolution, 
Which determines productivity of vapor deposition carried 
out for each pixel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, objects and advantages of the 
present invention Will become more apparent from the 
folloWing description When taken in conjunction With the 
accompanying draWings Wherein: 

FIG. 1 is a cross-sectional vieW illustrating the organic EL 
display apparatus of the embodiment l of the present 
invention. 

FIG. 2 is a cross-sectional vieW illustrating the organic EL 
display apparatus of the embodiment 2 of the present 
invention. 

FIG. 3 is a cross-sectional vieW illustrating the organic EL 
display apparatus of the embodiment 3 of the present 
invention. 

FIG. 4 is a cross-sectional vieW illustrating the organic EL 
display apparatus of the embodiment 4 of the present 
invention. 

FIG. 5 is a cross-sectional vieW illustrating the organic EL 
display apparatus of the embodiment 5 of the present 
invention. 

FIG. 6 is a plan vieW of the second substrate, illustrating 
the shadoW pattern of the embodiments l and 2 of the 
present invention. 

FIG. 7 is a plan vieW of the second substrate, illustrating 
the shadoW pattern of the embodiment 2 of the present 
invention. 

FIG. 8 is a plan vieW of the second substrate, illustrating 
the spacer of the embodiments 3 and 4 of the present 
invention. 

FIG. 9 is a plan vieW of the second substrate, illustrating 
the relationship among the electroconductive shadoW pat 
tern, spherical or columnar spacer and transparent, electro 
conductive layer of the embodiment 5 of the present inven 
tion. 

FIG. 10 is a plan vieW of the second substrate, illustrating 
the spacer of the embodiment 4 of the present invention. 

FIG. 11 is a plan vieW of the second substrate, illustrating 
the relationship among the electroconductive shadoW pat 
tern, columnar spacer and transparent, electroconductive 
layer of the embodiment 5 of the present invention. 

FIG. 12 is a cross-sectional vieW illustrating the organic 
EL display apparatus of the embodiment 6 of the present 
invention. 

FIG. 13 is a cross-sectional vieW illustrating the organic 
EL display apparatus of the embodiment 7 of the present 
invention. 

FIG. 14 is a cross-sectional vieW illustrating the positional 
relationship betWeen the display region and poWer supply 
point on the ?rst substrate of the embodiment l of the 
present invention. 

FIG. 15 presents examples of calculated voltage drops at 
the center of the display region of the present invention. 
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6 
FIG. 16 presents a pattern of the adhesive layer spread to 

?ll the display apparatus of the present invention With a 
liquid desiccant. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Example 1 

The embodiment l of the organic EL display apparatus of 
the present invention is described by referring to the draW 
ings. FIG. 1 is a cross-sectional vieW illustrating the organic 
EL display apparatus of the embodiment l of the present 
invention. 
The organic light-emitting element formed on the ?rst 

substrate 1 is composed of the organic light-emitting layer 7 
and upper electrode (transparent electrode) 8 on the sub 
strate 1, the layer 7 being composed of the loWer electrode 
5, ?rst injection layer, ?rst transport layer, light-emitting 
layer, second transport layer and second injection layer. 

Broadly speaking, the organic light-emitting element 
structurally falls into one of the folloWing types. 
The ?rst type uses the loWer electrode 5 as the anode and 

upper transparent electrode 8 as the cathode. In this case, the 
?rst injection layer and ?rst transport layer in the organic 
light-emitting element 7 Work as the hole injection layer and 
hole transport layer, respectively, and the second transport 
layer and second injection layer Work as the electron trans 
port layer and electron injection layer, respectively. 
The second type uses the loWer electrode as the cathode 

and upper transparent electrode as the anode. In this case, the 
?rst injection layer and ?rst transport layer Work as the 
electron injection layer and electron transport layer, respec 
tively, and the second transport layer and second injection 
layer Work as the hole transport layer and hole injection 
layer, respectively. 

In the above structure, the ?rst or second injection layer 
may be removed, and the ?rst or second transport layer may 
Work also as the light-emitting layer. 
The anode in the above structure is preferably in the form 

of electroconductive ?lm of high Work function, Which 
enhances hole injection ef?ciency. Speci?cally, the materials 
for the anode include, but not limited to, gold and platinum. 

Moreover, the anode may be of a tWo-element system 
including indium tin oxide (ITO), indium Zinc oxide (IZO) 
or indium germanium oxide, or three-element system 
including indium Zinc oxide. The composition may be 
composed of tin oxide or Zinc oxide as the major component, 
instead of indium oxide. When ITO is used, the composition 
normally includes tin oxide at 5 to 10% by Weight on indium 
oxide. The oxide semiconductor may be produced by sput 
tering, EB vapor deposition, ion plating or the like. 

The anode may be of a common electroconductive ?lm, 
Which is not required to have a high Work function, because 
the hole injection layer is provided. Speci?cally, the pref 
erable materials for the anode include metals, e.g., alumi 
num, indium, molybdenum, nickel and an alloy of one of 
these metals; and inorganic materials, e.g., polysilicon, 
amorphous silicon, tin oxide, indium oxide and indium tin 
oxide (ITO). The other preferable materials include organic 
materials, e.g., polyaniline and polythiophene; and electro 
conductive ink, Which can be formed by a simple process of 
spreading. The preferable materials are not limited to the 
above, needless to say. They may be used either individually 
or in combination. 

The hole injection layer is preferably made of a material 
having an adequate ioniZation potential to reduce an injec 
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tion barrier at the anode and hole transport layer. Moreover, 
it preferably Works to smooth rough base layer surfaces. 
Speci?cally, the preferable materials for the hole injection 
layer include, but not limited to, copper phthalocyanine, 
starburst amine compound, polyaniline, polythiophene, 
vanadium oxide, molybdenum oxide, ruthenium oxide and 
aluminum oxide. 

The hole transport layer Works to transport holes and 
inject them into the light-emitting layer. Therefore, it pref 
erably has a high hole mobility. Moreover, it is preferably 
chemically stable and loW in ionization potential. The other 
characteristics it preferably has include loW electron a?inity 
and high glass transition temperature. Speci?cally, the pref 
erable materials include N,N'-bis(3-methylphenyl)-N,N' 
diphenyl-[l , l '-biphenyl]-4,4'-diamine(TPD), 4,4'-bis[N-(l - 
naphthyl)-N-phenylamino]biphenyl(0t-NPD), 4,4',4"-tri(N 
carbaZolyl)triphenylamine(TCTA) and l,3,5-tris[N-(4 
diphenylaminophenyl)phenylamino]benZene(p-DPA 
TDAB) The preferable materials are not limited to the 
above, needless to say. They may be used either individually 
or in combination. 

The light-emitting layer is the layer in Which the injected 
holes and electrons are recombined each other to emit light 
of a Wavelength speci?c to a material. Light may be emitted 
by a host material for the light-emitting layer, or by a trace 
quantity of dopant incorporated in a host material. Speci? 
cally, the preferable materials for the layer include a distyry 
larylene derivative (DPVBi), silole derivative With one or 
more benZene rings in the skeleton (ZPSP), oxodiaZole 
derivative With triphenylamine structures at both terminals 
(EMZ), perinone derivative With phenanthlene group (P1), 
oligothiophene derivative With triphenylamine structures at 
both terminals (EMA-3T), perylene derivative (tBu-PTC), 
tris(8-quinolinol)aluminum, polyparaphenylene-vinylene 
derivative, polythiophene derivative, polyparaphenylene 
derivative, polysilane derivative and polyacetylene deriva 
tive. The preferable materials are not limited to the above, 
needless to say. They may be used either individually or in 
combination. 

Speci?cally, the preferable dopant materials include 
quinacridone, coumarin 6, Nile Red, rubrene, 4-(dicyanom 
ethylene)-2-methyl-6-(para-dimethylaminostyryl)-4H-py 
ran(DCM) and a dicarbaZole derivative. The preferable 
materials are not limited to the above, needless to say. They 
may be used either individually or in combination. 

The electron transport layer Works to transport electrons 
and inject them into the light-emitting layer. Therefore, it 
preferably has a high electron mobility. Moreover, it is 
preferably chemically stable and loW in ionization potential. 
The other characteristics it preferably has include loW elec 
tron a?inity and high glass transition temperature. Speci? 
cally, the preferable materials for the layer include tris(8 
quinolinol)aluminum, a oxadiaZole derivative, silole 
derivative and Zinc benZothiaZole complex. The preferable 
materials are not limited to the above, needless to say. They 
may be used either individually or in combination. 

The electron injection layer is used to enhance e?iciency 
of injecting electrons from the cathode into the electron 
transport layer. Speci?cally, the preferable materials for the 
layer include lithium ?uoride, magnesium ?uoride, calcium 
?uoride, strontium ?uoride, barium ?uoride, magnesium 
oxide and aluminum oxide. The preferable materials are not 
limited to the above, needless to say. They may be used 
either individually or in combination. 

The cathode is preferably in the form of electroconductive 
?lm of loW Work function, Which enhances electron injec 
tion e?iciency. Speci?cally, the materials for the anode 
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8 
include, but not limited to, a magnesium/silver alloy, alu 
minum/lithium alloy, aluminum/calcium alloy, aluminum/ 
magnesium alloy and metallic calcium. 
The cathode may be of a common metallic material, 

Which is not required to have a loW Work function, because 
the electron injection layer is provided. Speci?cally, the 
preferable materials for the cathode include metals, e.g., 
aluminum, indium, molybdenum, nickel and an alloy of one 
of these metals; and polysilicon and amorphous silicon. 

FIG. 1 illustrates one embodiment of the present inven 
tion With the loWer and upper electrodes Working as the 
anode and cathode, respectively. In this embodiment, a 
plurality of the TFTs 3 are arranged at constant intervals in 
a grid-like pattern on the glass substrate 1. Scanning lines 
(not shoWn) for driving the TFTs 3 are arranged at constant 
intervals, and signal lines (not shoWn) for transmitting 
image information are arranged at constant intervals to 
intersect With the scanning lines at right angles. The scan 
ning lines and signal lines form a grid-like pattern, and a 
region formed by these lines corresponds to one pixel. At the 
same time, a plurality of current supply lines (not shoWn), 
connected to the minus terminal 35 for the DC poWer source 
33, run on the glass substrate 1 in parallel to the signal lines. 
The scanning, signal lines and poWer supply lines are 

formed Within the transistor driving layer 4. Film thickness 
of the transistor driving layer 4 above the transistor 3 is set 
at around 500 nm in this embodiment to secure ?lm surface 
?atness and its insulation capacity. HoWever, the thickness is 
not limited to the above, so long as the layer 4 performs the 
above functions. 

In a monochromic display apparatus, one display region 
corresponds to one display element Working as one pixel. In 
a full-color display apparatus, on the other hand, the regions 
from Which red, green or blue color are emitted are generally 
allocated to the display regions 40 for the display elements, 
as shoWn in FIG. 14. In this case, each display element is 
de?ned as a sub-pixel 39, and 3 adjacent sub-pixels for red, 
green or blue color Work as one pixel 38 to control image 
display. In a full-color display apparatus, an image may be 
controlled With four-color pixels for White color in addition 
to the above 3 colors. The transistor 3 controls light-emitting 
elements each Working as a pixel in the case of monochro 
mic apparatus, or light-emitting elements each Working as a 
sub-pixel in the case of full-color apparatus. 
The loWer electrode (cathode) 5 corresponding to each 

transistor 3 is provided on the transistor driving layer 4. The 
preferable cathode materials include metals, e.g., aluminum, 
indium, molybdenum, nickel and an alloy of one of these 
metals; and inorganic materials, e.g., polysilicon, amor 
phous silicon, tin oxide, indium oxide and indium tin oxide 
(ITO). In this example, an MgiAg alloy is used to form the 
100 to 200 nm thick loWer electrode 5. Thickness of the 
electrode is not limited to the above, so long as it can 
su?iciently supply electrons. The transistor 3 and loWer 
electrode 5 are connected to each other via a through hole 
provided in the transistor driving layer 4. 
The banks 6 for separating pixels of an insulating material 

are provided around the loWer electrode 5 and on the 
transistor 3, to prevent edge groWth resulting from steps 
around the loWer electrode 5. Therefore, each bank is 
preferably at least as thick as the loWer electrode 5. In this 
example, a thickness of each bank 6 is set at 150 to 250 nm. 
HoWever, the thickness is not limited to the above. Each 
bank 6 preferably has the loWer edge Wider than the upper 
edge to increase coverage of the ?lm provided thereon. 
The organic light-emitting layer 7 is formed, after the 

loWer electrode 5 and banks 6 are formed. For each organic 
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light-emitting element, the electron injection layer, electron 
transport layer, light-emitting layer, hole transport layer and 
hole injection layer are formed in this order. These layers are 
formed by vapor deposition, When they are made of a 
loW-molecular-Weight material. These layers for the organic 
light-emitting layer 7 can be formed for the present inven 
tion While covering each of them, except the display region, 
With mask having apertures provided over the entire display 
region. 

Therefore, vapor deposition cost can be greatly reduced 
from that incurred When a mask having precisely fabricated 
apertures for each pixel is used. HoWever, a mask having 
precisely fabricated apertures could be used to change a 
material to be spread for each pixel. The organic light 
emitting layer 7 is preferably designed to emit White or blue 
color, When formed in the former method. 

In the ?rst substrate 1, the upper transparent electrode 8 
provided on the poWer supply point 36 Works as an elec 
trode, When the plus electrode 34 for the DC poWer source 
33 outside of the display apparatus is connected to the point 
36 by an interconnection. In this example, therefore, the 
organic light-emitting layer 7 formed by vapor deposition 
While covering the poWer supply point 36 With a vapor 
deposition mask to ensure that the upper transparent elec 
trode 8 is electrically connected to the poWer supply point 36 
provided at the substrate edge. 

Moreover, the organic light-emitting layer 7 is formed to 
emit White color in this example. It comprised a 30 nm thick 
electron transport layer of blue metallic complex (Znbox2), 
30 nm thick light-emitting layer of yelloW metallic complex 
(ZnSq2) and 40 nm thick hole transmit layer of aromatic 
diamine (TPD). The present invention, hoWever, is not 
limited to the above combination. 

The upper transparent electrode 8 is formed on the organic 
light-emitting layer 7 by sputtering While the Whole display 
region and poWer supply point 36 at the substrate 1 edge are 
covered With a mask having apertures. Speci?cally, the 
materials for the upper transparent electrode 8 include 
In2O3iSnO2-based and In2)3iZn-based ones formed into 
a transparent electroconductive ?lm. In particular, an 
In2O3iSnO2-based transparent electroconductive ?lm is 
used as a pixel electrode for liquid-crystal display appara 
tuses. In this example, a 100 to 300 nm thick In2O3iSnO2 
based ?lm (ITO ?lm) is formed as the upper transparent 
electrode 8. HoWever, the present invention is not limited to 
the above thickness and material. 

The organic light-emitting layer 7 can be supplied With 
holes from the upper transparent electrode 8, When the 
poWer supply point 36 is connected to the plus electrode 34 
for the poWer source 33 outside of the display apparatus by 
an interconnection. In this example, the poWer supply point 
36 is provided on the ?rst substrate side. HoWever, it may be 
provided on the electroconductive shadoW pattern 10 on the 
second substrate 2. 
The second glass substrate 2 is coated With the electro 

conductive shadoW pattern 10 open to each pixel on the ?rst 
substrate 1. The electroconductive shadoW pattern 10 is 
made ofa metal, e.g., Al, Cr, Ag, Cu, Mo, Ni or an alloy of 
one of these metals, Which has a resistivity of 1/100 or less of 
that of a transparent electrode material, e.g., ITO or IZO. 
The metallic shadoW layer is normally 100 to 150 nm thick. 
The electroconductive shadoW pattern 10 Works also as a 
poWer interconnection in addition to light shadoWing, and 
preferably has a thickness equivalent to that of the upper 
transparent electrode 8 or current-supply line 30, i.e., 100 to 
300 nm. Moreover, the electroconductive shadoW pattern 10 
is preferably at least as thick as the color ?lter layer 9, 
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10 
because the electroconductive shadoW pattern 10 must be 
brought into contact With the upper transparent electrode 8 
on the ?rst substrate 1. 

In this example, Mo is used for the electroconductive 
shadoW pattern 10. Mo has a resistivity of 5.6><l0_6§2~cm, 
comparing With 600 to 800><l0_6§2~cm as resistivity of ITO 
used for the upper transparent electrode 8. Thus, the elec 
troconductive shadoW pattern 10 has a resistivity less than 
1/100 of that of the upper transparent electrode 8. The 
electroconductive shadoW pattern 10 and color ?lter layer 9 
are designed to have the same thickness of 300 nm. 
The apparatus can have a reduced resistance by bringing 

the upper transparent electrode 8 on the ?rst substrate 1 into 
contact With the electroconductive shadoW pattern 10 on the 
second substrate 2, after they are assembled. 
One example of calculated voltage drop at the upper 

transparent electrode 8 is described With an emitted light 
brightness set at 300 cd/m2 assuming that it is made of an 
organic light-emitting material of high light-emitting effi 
ciency having a light intensity of 10 cd/A per unit current. 
The other assumptions are alloWable voltage for constant 
current driving: 10V, aspect ratio of apparatus screen: 9/16, 
and pixel numbers: 1200 dots in the longitudinal direction 
and 2000 dots in the lateral direction. Moreover, tWo termi 
nals on the major sides of the display region Work as the 
poWer supply points 36 (FIG. 14). 

First, voltage drop in the absence of electroconductive 
shadoW pattern is calculated. Voltage drop AV at the center 
of the display region is given by Formula (1): 

wherein, 
N: half of total pixel number in the longitudinal direction 

(:600 dots) 
i: constant current passing through one pixel 
r: resistance of the upper transparent electrode per pixel 

Current i and resistance r per pixel are given by Formula (2) 
and Formula (3): 

p1: resistivity of the upper transparent electrode 
t: ?lm thickness 
W: pixel Width 
L: pixel length 

Pixel Width W and length L are given by formula (4) and 
Formula (5): 

W:W0/2000 [m/dot] (4) 

LIL0/1200 [m/dot] (5) 

Wherein, 
W0: Width of the display region in the longitudinal direction 
L0: Width of the display region in the lateral direction 

Voltage drop AV [V] is calculated on the assumptions of 
upper transparent electrode thickness: 300 nm and resistivity 
of ITO as a material for the upper transparent electrode: 
600Q~cm. The results are given in FIG. 15, Which plots the 
calculated AV against diagonal length of the display region. 
As shoWn, a voltage drop of 15V or more can occur even at 
a diagonal length of 20 inches, by Which is meant that 
voltage drop exceeds the alloWable voltage of 10V for 
securing constant-current driving in this case. Therefore, 
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uniformity of emitted light brightness in the display region 
should deteriorate, because of reduced current passing 
through the element. 

Voltage drop can be controlled Within an initially set 
alloWable voltage range by increasing thickness of the upper 
transparent electrode 8. Increasing the thickness, hoWever, is 
impractical, because of the accompanied optical losses 
resulting from decreased transmittance and increased lateral 
propagation of light to decrease light availability. 

Voltage drop Will be halved When ITO is replaced by IZO, 
Whose resistivity (300 to 400) is loWer than ITO, because 
voltage drop is in proportion to resistivity. HoWever, display 
apparatus siZe Will be still limited to a diagonal length of 25 
inches or so. An organic EL light-emitting element is driven 
normally at around 10V. Increasing driving voltage 
increases voltage drop, as shoWn in FIG. 15, and cannot 
increase siZe of a display apparatus driven by a constant 
current. 

Next, voltage drop in the presence of the electroconduc 
tive shadoW layer for the present invention is discussed on 
the assumption that a ?lm thickness t of the electroconduc 
tive shadoW layer is the same as that of the upper transparent 
electrode (300 nm). 
A liquid crystal has an aperture ratio of around 75% at 

present, Which is expected to increase to around 80% in the 
future. In this calculation, an aperture ratio of 80% is 
adopted. The ratio of Width in the longitudinal direction to 
Width in the lateral direction of the electroconductive 
shadoW pattern is set at the same ratio of the pixel siZe 

(10.56%). 
Current passing through one pixel is also given by for 

mula (2), described earlier. Resistance r is a synthesized 
level of the upper transparent electrode side resistance r1 
and electroconductive shadoW pattern 10 side resistance r2. 

The Width in the lateral direction of the electroconductive 
shadoW pattern can be represented by 0.1056W. Resistance 
r2 of the electroconductive shadoW pattern in the longitu 
dinal direction is given by Formula (6): 

r2:p2><L/(0.1056 Wxl) [£2] (6) 

Wherein, 
p2: resistivity of the electroconductive shadoW pattern 10. 

Resistance of one pixel on the upper transparent electrode 
side r1 is given by Formula (7): 

Therefore, the synthesiZed resistance r is given by Formula 
(8)1 

Voltage drop AV is calculated using Formulae (l) to (2) 
and (4) to (8) With resistivity ratio p2/p1 as a parameter. The 
results are given in FIG. 15. As shoWn in FIG. 15, voltage 
drop exceeds the alloWable voltage of 10V for constant 
current driving When the resistivity ratio exceeds 1/100 for a 
diagonal length beloW 50 inches. Therefore, constant-cur 
rent driving is dif?cult to limit display apparatus siZe. 
Voltage drop may be decreased by increasing thickness of 
the electroconductive shadoW layer 10 to decrease resistance 
of the layer in itself. Increasing the thickness, hoWever, 
causes problems, e.g., increased material cost and process 
time, and Warpage of the substrate in itself folloWing that of 
the metallic ?lm to interrupt the assembling Works. 

Therefore, in order to realiZe a large-siZe display appa 
ratus, it is preferable that a material used in the electrocon 
ductive shadoW pattern 10 has a resistivity of 1/100 or less of 
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a material of the upper transparent electrode 8. The electro 
conductive shadoW pattern 10 shoWn in FIG. 1 is supplied 
With poWer indirectly via the upper electrode 8. HoWever, it 
may be supplied With poWer directly. 
When the light-emitting element emits White color, the 

electroconductive shadoW pattern is provided With the color 
?lters 911 each for red, green or blue color on the pattern 
openings. A color conversion ?lter 9b, Which converts the 
light-emitting color into red, green or blue color, is formed 
When the light-emitting element emits blue color. The color 
?lter 9a or color conversion ?lter 9b may be provided With 
a region for White color in addition to red, green or blue 
color. 

FIG. 6 is a plan vieW of the shadoW pattern 10 on the 
second substrate 2, illustrating that the pattern 10 is formed 
in a net shape partly open to the pixels. The color ?lter 9a 
or color conversion ?lter 9b is formed on each of the 
openings. 
An organic EL display apparatus may deteriorate While 

Working in an atmosphere containing oxygen and moisture 
at a high concentration, due to emergence or groWth of 
non-emitting points called dark spots. It is accepted that the 
upper concentration limit is 10 ppm for both oxygen and 
moisture, beloW Which they cause no apparatus deteriora 
tion. It is therefore necessary to seal the elements With an 
inert gas. The apparatus is assembled in the folloWing 
manner to avoid this type of problems. 
An UV cure adhesive is spread in a ring on one of the ?rst 

substrate 1 and second substrate 2 to form the adhesive layer 
12. Then, these substrates 1 and 2 are pressed to each other 
With the ?lms thereon facing each other under a vacuum in 
a nitrogen gas atmosphere containing oxygen and moisture 
each at 10 ppm or less in such a Way to keep the upper 
electrode 8 and electroconductive shadoW pattern 10 in close 
contact With each other. Then, the adhesive layer 12 is cured 
With ultraviolet ray to seal the substrates. The upper elec 
trode 8 and electroconductive shadoW pattern 10 are kept in 
close contact With each other, When the space betWeen the 
substrates and that contained in the adhesive layer 12 are 
?lled With nitrogen gas under a vacuum, to secure a stable 
electrical contact betWeen them. 

Nitrogen as an inert gas may be replaced by helium or 
argon gas. Use of a liquid desiccant 43 Will produce a similar 
result. 

Referring to FIG. 16, When the liquid desiccant 43 is used, 
a pattern of the adhesive layer 12 is formed on one of the ?rst 
substrate 1 and second substrate 2. The adhesive layer 
pattern is provided With the sealing ports 41, via Which the 
liquid desiccant 43 is injected, and openings. The substrates 
1 and 2 are placed one on another, and the adhesive layer 12 
is cured With ultraviolet ray. Then, both the substrates 1 and 
2 are cut off along the cutting line 42 shoWn in FIG. 16. 
Then, the space formed by the substrate 1, substrate 2 and 
adhesive layer 12 is evacuated under a vacuum, and the 
sealing ports 41 are immersed in a layer of the liquid 
desiccant 43 to soak up the liquid desiccant 43 therethrough 
by capillary action into the space. On completion of ?lling 
the space With the desiccant 43, an UV cure adhesive is 
spread on the sealing ports and cured With ultraviolet ray to 
seal the desiccant 43 in the space. Adhesion of the upper 
electrode 8 and electroconductive shadoW pattern 10 can be 
enhanced by keeping the display apparatus inside under a 
vacuum, When it is ?lled With a liquid desiccant, as is the 
case With an inert gas. 
The transistor 3 on the ?rst substrate 1 is responsible for 

driving the display apparatus. The gate 26 and source 27 of 
the ?rst transistor 24 are connected to outside devices via the 






